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CORFFLATION OF LABORATORY 1NSTRUMLKIC IN WRASURIN: THE ADRASION HESTSTANCE
OF MAL~MADE FIZIE FAL 4"TCo ALD BLLNDS

Intredaotind
Abrasion resistance 18 2 function of wachire factors such as speed,

nature of the abradant. tenslen and wvrensure; fabric factors such as
work -‘[,g-r wbure of the cergonent !ibers and geometry of the yarns and
fabric; and the interaction beiween the maciine and the fabric, which
includes such things as friction, noistuve and temporature (1, 2).
Recently, a sipgnilicent eamount of attention hae been given to the esbrasion
characteristics of mun-sade fiter fabrics and blends as a result of the
irrport:.nt functionzl prepertiee which such fabrics offer in areas such

as abgorption of thermsl emrgy, tlwm vesictance, chemical resistance
ond "eomfert™ in wse \33., Ihe firsc systematiz study of the ebrasion
cheracterictics of man-prede finers was prowblv that of h:.r.bu-ger ()
who showecd that a factor geverning the abr aaion recistance of different
{ider species wae work-to-repture, anld whe was able to cbiain an excellent
relaticnsnip between 'dum.bil‘t,; c,criicaa'xt" and "energy coeffigients®
for a murter of different materials, /

At preeent, a study is undow:w in our laboratory of ihe abrasicn
resistame of 15 prototyme fa ries zpresenting sinela fihar canstructiane
anu blers o) 12 ditterent fibers, ahe pupore of evaluvaling this group
of fabrics $3 to obtain. if possible; @ pattern of perfo:mance which nay
be relatetle to irherent properties such as work-to-rupture, melting point,
and fricticn. Thie ‘partioular report prescnis an interesiing bv-prodx.ct
of this study, which demonstrates the relatedncss of sore leboratery
instruments for evaluating wear.nn:l the ccnsastency with theories of
wear, whichi have been established prinarily for metals, but have bren
found appliczble to viscoelastic &terialo aiso,

Exnerimental Procedure

The fadrics selected for this study included most, of the fiber classes
defined by thc Federal Trade Commission such as: nylon, pelyester,
acrylic, rodzerylic, nytril, viscose and triacetate. In addition, they
representod both filament and spun yarn constructions in blends and 100%
single fiber ‘composition. Several weave types and fabrio weighte were
used, The fabric samples were all tested with the back adjacent to the
abradant. This procedure was follcwed in o:der to make the results
consistent with thocze cbtained on the standard 8.6 oa. carded cotion
satecn, vhich is normally worn with the back of the fabric to the cutside
of the . garment, In the case of 10 cf the fabrics, which were cf a plain
weave, the reversal from face lo back would rizke no differemnce since
these constructions are idencical on both sides, In the case of *he
other $ fadbrics, threo of which were sateens and twe tuills, the reversal
would mave & differcnce in level of abrasion obtained, icwever, since
all militery sateens are worn with the back of the {zbric te the cutside,
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this procedure is logical and norral for the three sateens. For the two
twills then, recognition should be given to ihis reversal in interpreting
the abrasion resulis obtajned. The fabrice were evaluated in the warp
direction only, on the 82011, BFT, and Sand Abraders, Oa the Taber abrader
the action is multidirectional, so that both yarn systoms were subjected

| to the abrasive action,

The mechanical action of the four abrasion machines has ucen deseribed
proviously (5, €,/&7)., A gketch summarizing the essential uifferencep
in mechanical action of the four machires is given in Figwe 1.

The notations "adhesive" and Pabrasive” wear in Figore 1 refer to
the two theories for the wear of metals devcloped by Archard and Rabinowics,
which are applicuable in some respects Lo textile fabrics, Adhesive wear
is a type of wear action which results from interactions at the surface
of the.material being abraded and the abradant. The forces involved are
molecular in nature--leading to the forrmation of molecular welds vlish
are sheared by relative motion of the surfece, producing wear particles,
Since this is a surface phenomenon, adhesive wear is markedly reduced
by the prescnce of boundary luvbricents, Abrasive wear, on the other hand,
involves an actual penetration through the surfuce of the material being
abraded ty an abradan! particle, Relative iotion then resuvlte in the
gouging or plouging out of material, Since the surface of the material
is penctrated by the abradant, this type of wear is rclatively incensitive
to tho preserce of lubricants. Stuiies made on the wear course at Fort
Lee and scme practical wear trials indicate that the type ol field wear
of most concern to the Army is “abracive®., On the other hand, there are
special arecas, such as in the cuffs of trousers, vwhere wecar is probsbly
predominantly adhesive,

Provious work cdone in our laboratorics demonstrated that the 5toll
and BFT abraders are of the adhesive wear producing typc, and results
obtained on this instrument will be considerably influwenced by the preserce
or absence of lubricants on tho fabric being cvaluated, As much as & 7-
fold increase in arrasion life on theeo machines can result from the
application of a rclatively small emount of a lubricating type finish to
a fabric. The Taber and Sand Abraders, on the other hand, are cf the
abrasive type. In both instances, abradant particles penctrate turough
the surface of the fabric being abraded and gouge out fibrous sutstance
by a snagping or cutting action. In both of these imstruments, the
presence of lubritant in the fabric has little effect on the end result

obtained.

The ond-point of tests on the Stoll and BT abraders is the number
of cycles to rupture, This is an objective end-point and requires no
interpretation on the part of tho operator. The end-point of the tests
on the Taber and Sand abraders is the number of cycles to produce a
certain predstermined level o “ppurent damage as ceter:ined by visual
exarination., This is a subjcct)ve end-point which requires considerable
interpretation on the part of tne operator. Separate studies (8) are
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being conducted to investigate evstems for making this end-point more
objective. Accordingly, the valuss reported for the Taber and Sand
abraders have relative significarnce only, since tho abscolute magnitude
of the cycles wmay vary deperxting upon the operator and the level bof .
damage desired for the particular sequencs of samples being run, In
this particular study, tha evaluvation of the end-point was made by one
operatar over & very short time span and every effort was made to be
consistent from sarpleo-to-samle,

Results

Complete data for the atrasion tests are given in Table I, Particular
atterntion should be given to the variety of fiber compositions, the
range in weights and the different weave types employed. The scale values
for the different test instruments is worth noting. The Stoll results
rangec from 190 to 19,570 with an average of 4570 cycles. The BFT from
120 to 16,640 with an average of 3560, Taber from 110 to 3900--
average of 1040, Sard from 940 to B0JO--average of 3750. The high
values for the EFT aid Stoll are characteristic of fabrics with a
lubricating type of surface finish, Elimination of this finish Ly
chlorciform extraction would probably recduce the high Stoll and BFT
values to & much lover range. Also noteworthy is the fact that the
BT values average lesa than the Stoll., %This is a result of the more
rantd oncillation af tha fiex blade nf the BFT. The BFT is thus more
economical from the standpoint of nusder of samples which can be
run per unit of tima, Likewise, the Taler is more efficient than the
Sand abrader from thic standpeint, On the other hand, with longer
tires to failure, it is possible to obltain nore precision in results
with & larger sproad among saaple averapges., Logarithmic plote of
the data are presemted in Figures 2 to 7, inclusive, The closest
agreérent is obtalued in the plots of Tabter ve Sand (Figure 2) and
Stoll vs BFT (Figure 3). This is & consequence of the fact that in
each of these plots the sane t:pe of abrasion ie being evalvated, On
the other hand, the plots of Sz2nd vs BFT (Figure 4) and Taber vs Stoll
(Figure 5) do mot show as good agreemcnt, which would be an expected
result since the instrumencs in each of these groups represent different
typee of abracive action. Stoll vs Sond (Figare 6§ and Taber ve BFT
(Figure 7) also do not agrec as well, An estimate of the spreed in
dsta vwas qgbtained by swming the squarcs of the distances of the
irdividual pointe from the cstimated regression line, While this is
not statistically precise, it serves as a rough mcasure of variadbility
from the straight lincs, The sums of the squares for the various
coriclations arc presented in Table 1I,
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TABLE 11

Swuns of Squeres of Linecar Deviations from Regression Lines

BIT SToLL TABIR © SAND

BET e 880 33460 1970
STOLL 880 s 2860 1590
TABER 3360 2060 - 260
SAHD 1970 1590 280 e

For instruments that produce the same types of wesr actions, the
sums of rquares are relalively low, e.g. 860 (BFT vs Stoll) and 280
(Sand ve Taber). For instrumenis that produce different types of wear
actions, the sums of squares are relatively high, e.g. 1970 (Sand vs
BFT) and 3360 (Taber vs BFT), Wnile these data camnst be accepted as
absolute proof of the similarity in mechanisms of the machines involved,
they do show a strong association betwean the theoretical expcc{atiom
and the experirmerntel evidence., The fact thal these relationships were
determined on a spectrum of samples ranging as widely as these did in
fiber cormpogition, weave type, &rd weight &#acs Some Strengtn to e
conclusions that are drawm,

Conclusions

1, Avrasion machines which produce sinilar typos of wear actions
tond to correlate with each other for a wide range of textile faoric

t-)‘p. Be

2, The Taber and Sand abraders which produce a type of wecar action
which may be described as "abrasive® correclate closely within rather
narrow tolerance limits,

3. The BFT and Stoll abraders which produce a type of wear action
which may be described as "adhesive" correlate closely within rather
narrow tolerance limits,

Lo Instruments which produce different types of wear actions dn
not corrclate as well,

Recormendations

1, It is recommended that the BFT abrader bvo used in liecu of the
Stoll where it is desired to obtain an indication of "adhesive® type
wear. Evaluvations made on the BFT should be dona with both extracted

5
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and unextracted samples to segregate the influence of the presence of
lubricant type {inishes,

2., It is recommended that a more detailed stiudy be made of both the
Sand and Taber abraders, and pocsibly of other abraderc such as the
Wyzenbeek and the Rotary Impact, to detecrminc whether an objective

. end=point can be worked out for any of theer instrumenis in the interest

of having a more precire tool for evaluating "abrasive" wear, which is
of prime irportance for combat and utility clothing,
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Figure 2, Comparison of Taber and Sand Abrasion
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